Well-researched statistical methods are required to guide clinicians in determining the significance of test score changes in serial neuropsychological assessment of older adults. The following six change score methods were examined using five-year test-retest data from the Canadian Study of Health and Aging: the standard deviation method, three reliable change indices (RCIs), and two standardized regression-based methods. Changes in scores on four memory measures were examined in cognitively healthy older adults, and the RCI with a correction for practice/aging effects most accurately classified this normal variability. Diagnostic change (i.e., developing dementia versus remaining cognitive healthy) was also examined in relation to memory test score changes. All change score methods were significantly associated with diagnostic change, though the strength of association varied by measure and method. In contrast to some previous research, RCIs were found to be useful when making diagnostic discriminations in older adults.
A particularly important role of neuropsychological assessment is measuring change in cognitive functioning over time. Perhaps most notably in the field of geriatric neuropsychology, the measurement of change itself is paramount as it may contribute to establishing a particular diagnosis. A diagnosis of dementia, for example, requires evidence of cognitive decline over time (American Psychiatric Association, 1994) . But not all decreases in cognitive functioning that occur in older adults are diagnostic of dementia or predictive of its subsequent development. The critical task facing clinicians who work with older adults is how to distinguish normal cognitive change from change that may be clinically relevant for a given individual.
Methods for measuring change have been discussed for decades (e.g., Payne & Jones, 1957 ) and continue to appear in the literature (e.g., Hageman & Arrindell, 1999) . Examples of change score methods include the standard deviation (S.D.) method, reliable change indices (RCI), and standardized-regression-based (SRB) methods. The S.D. method for examining test-retest change simply considers any test score difference that exceeds ±1 S.D. for that measure to reflect a significant amount of change. Various RCIs, a group of more psychometrically sophisticated methods for interpreting test-retest change, have been proposed that account for measurement error (Jacobson & Truax, 1991) , measurement error and practice effects (Chelune, Naugle, Luders, Sedlak, & Awad, 1993) , and the effects of regression-to-the-mean (Hsu, 1989; Speer, 1992) . When applied in practice, any observed test score change that exceeds the amount expected from error or bias is considered "significant." SRBs (e.g., McSweeney, Naugle, , as a third approach, involve deriving a predicted follow-up score based on initial test performance among a control sample. Test-retest data from a new individual are then entered into the regression equation to determine whether the magnitude of the observed test score change exceeds the expected amount of variability.
There has been considerable debate as to the "right" way to measure test-retest score changes (e.g., Maassen, 2000 Maassen, , 2001 . The matter is not easily resolved given that studies addressing this issue have differed substantially in terms of the measures used, the sample studied, the length of the test-retest interval, and the specific change methods that were examined. In comparing change score methods, the standard employed in several studies (e.g., Temkin, Heaton, Grant, & Dikmen, 1999) has been to examine the proportion of cases classified as improved or deteriorated by each change score method. The rationale is that when test-retest difference scores are examined in a sample of normal participants (where the data approximate a normal curve and alpha is set to 0.10), one would expect by chance alone 5% will be higher than expected (i.e., improved), and 5% will be lower than expected (i.e., deteriorated). However, this approach is problematic since the "normal" group should not, by definition, exhibit any real or significant change. A more rigorous test of a method's utility is to apply the change score method to individuals for whom clinically significant change has been well documented.
Few neuropsychological studies have examined the "real world" significance of change score methods. Using longitudinal data from the Mayo's Older Americans Normative Studies (MOANS), Ivnik et al. (2000) examined the association between statistically reliable test-retest change (using an RCI that corrected for practice effects) with the consensus diagnostic opinion of health care professionals. They did not find the application of change scores to neuropsychological data to be diagnostically useful in distinguishing between persons with and without cognitive impairment. Heaton et al. (2001) , by contrast, found that 80% of persons with acquired neurological insults/dysfunction evidenced statistically reliable deterioration in their neuropsychological test performance over time. This suggests that change score methods may, under certain circumstances, hold promise in detecting and classifying diagnostic change among persons with declining cognitive abilities.
The purpose of this study was to extend the findings of previous research by examining six different change score methods using neuropsychological data from a sample of adults over the age of 65. These change score methods were compared to diagnostic change over time, which represents a more rigorous benchmark of clinically significant change than employed in other studies to date.
Method

Participants
Participants were drawn from the population-based Canadian Studies of Health and Aging (CSHA). The CSHA is a large, multi-centre, multi-disciplinary, epidemiological study of health issues including dementia in people over age 65 in Canada (for more details, see Canadian Study of Health and Aging Working Group, 1994, 2000) . In the first wave of the CSHA (CSHA-1), a total of 10,263 persons from the community and institutions were interviewed regarding health-related issues and were screened for cognitive impairment using the Modified MiniMental State Examination (3MS; Teng & Chui, 1987) . As part of the CSHA study design, all participants in institutions, all community participants scoring below 78/100 on the 3MS, and a subset of community participants scoring 78 or greater on the 3MS were seen for thorough clinical evaluations (n = 2,914). The cut-off score of 77/78 on the 3MS was selected on the basis of Teng and Chui's (1987) original work on screening for dementia with minor modifications following the CSHA pilot study (Eastwood, Nobbs, Lindsay, & McDowell, 1992) .
The clinical component consisted of a nurse's evaluation, a physical examination, laboratory blood work, and a neuropsychological assessment. The nurse's evaluation included a re-administration of the 3MS; a record of vision, hearing, vital signs, height, weight, and medication use; and the collection of informant-reported information (usually from a family member) about the participant's medical history, cognitive functioning, and functional abilities. The physical examination involved a physician's evaluation of the participant's head, neck, limbs, chest, and cardiovascular system in addition to primitive and central reflexes, peripheral neuromuscular responses, and coordination. Laboratory blood work was done for those participants with suspected dementia or delirium and included measures of B 12 , folate, glucose, a complete blood count (CBC), and screens for venereal disease (VDRL) and genetic disorders. For the neuropsychological evaluation, a trained psychometrician administered a standardized test battery to those participants who scored 50 or more on the 3MS from the nurse's evaluation. It was assumed that those scoring below 50 on the 3MS were showing a substantial degree of cognitive impairment and that further cognitive assessment was unwarranted. The neuropsychological test results were interpreted by a neuropsychologist. On the basis of all available information, CSHA clinicians (physicians, psychologists, and nurses) together classified each CSHA participant with: no cognitive impairment (NCI), cognitive impairment but no dementia (CIND), or dementia using DSM-III-R criteria (American Psychiatric Association, 1987) .
CSHA-1 participants who completed these clinical evaluations were revisited approximately 5 years later during CSHA-2 using similar medical, psychological, and diagnostic procedures. Attrition due to death (n = 1,534) or other loss of contact (n = 231) reduced the number seen for clinical evaluation at CSHA-2 to 1,149 participants. Data for the current study were obtained by selecting CSHA-1 participants who: (1) completed the neuropsychological component (English version), and (2) were classified as having NCI. Application of these criteria to the CSHA dataset resulted in the identification of 576 individuals. During retest at CSHA-2, 208 of the 576 participants remained NCI, 88 were identified as CIND, and 49 as having a dementia. A total of 49 refused the study, 21 were lost to follow-up (inaccessible or not contacted), and 160 had died prior to CSHA-2. Of the 208 participants identified with NCI at both CSHA-1 and CSHA-2, 166 completed the neuropsychological battery at CSHA-2. Among the 49 participants diagnosed with dementia at CSHA-2, 20 had completed the neuropsychological battery at baseline and follow-up. The primary analyses for this study were based on the group of 166 persons who evidenced no diagnostic change (i.e., NCI at both waves) and the group of 20 persons who progressed from NCI to dementia over 5 years.
Materials
Neuropsychological data
Four neuropsychological measures of memory were selected for examination in this study: the Wechsler Memory Scale (WMS) Information subtest (Wechsler, 1945) ; the total retrieval score (i.e., the sum of free recall performance on Trials 1-3) from a modification of Buschke's Cued Recall (BCR) paradigm for memory assessment (Tuokko, Vernon-Wilkinson, Weir, & Beattie, 1991) ; total recall (i.e., the sum of free recall on Trials 1-5) from the Rey Auditory Verbal Learning Test (RAVLT; Rey, 1964) ; and, the total number of correct responses on the multiple choice version of the Benton Visual Retention Test (BVRT-MC; Benton, 1974) . These four measures were selected from the CSHA neuropsychological test battery (for a complete description, see Tuokko, Kristjansson, & Miller, 1995) as memory impairment is typically the hallmark of pathological cognitive change in older adults.
Data analyses
Individual-level change scores were calculated for each participant using six different methods. Means and standard deviations for the memory measures were based on available sample statistics for those participants identified as NCI at CSHA-1 and CSHA-2 (n = 166). All test difference scores were normally distributed. Test-retest correlations used in the calculation of reliable change scores were based on Pearson's correlation product moment correlation coefficients. For the S.D. method, the formula was X 2 − X 1 /S.D., where X 1 = observed pretest score, X 2 = observed posttest score, and S.D. = pre-test standard deviation of the measure. Test scores were considered "improved" or "deteriorated" if the formula resulted in a value greater than or equal to 1, or less than or equal to −1, respectively. A RCI to correct for measurement error (Jacobson & Truax, 1991) was calculated using the formula RCI = (X 2 -X 1 )/S.E.D. X 1 and X 2 were defined as above, and the standard error of the difference score (S.E.D.) was taken as the standard deviation of the mean observed difference score. A RCI to correct for measurement error and practice effects was defined as ((X 2 -X 1 ) -(M 2 -M 1 ))/S.E.D., where M 1 was the group mean pretest score, M 2 was the group mean posttest score, and all other variables were as previously defined. The correction for practice simply involves adding a constant based on the average change at the group-level. In this study, mean gain (i.e., M 2 > M 1 ) would be viewed as evidence of practice effects, whereas mean decline (i.e., M 2 < M 1 ) over time might be conceptualized as reflecting the combined effects of practice and aging. A RCI to correct for regression to the mean (Hsu, 1989) was calculated using the formula ((X 2 − M 2 ) − r xx (X 1 − M 1 ))/S.E.P., where S.E.P. (the standard error of prediction) equaled S.D.
(1 − r 2 xx ) 1/2 , and r xx was the test-retest correlation coefficient. For all RCIs, reliable change was calculated by setting alpha to 0.10 (two-tailed) with "reliable improvement" defined as values exceeding +1.645 and "reliable deterioration" defined as values below −1.645. The two regression-based methods examined in this study used the change score formula was (X 2 -predicted X 2 )/S.E.E., where S.E.E. refers to the standard error of estimate in the regression equation. Simple regression equations were derived for each memory measure by regressing posttest scores solely on pretest scores. Multiple regression-based change scores were calculated using the same formula, but the equation included age, education, gender, test-retest interval, and estimated premorbid IQ level (Barona, Reynolds, & Chastain, 1984) as well as pre-test scores. As with the RCIs, cutoff values of +1.645 or −1.645 indicated reliable change.
For each change method, a chi-square goodness-of-fit test was used to determine whether the proportion of cognitively healthy older adults classified as reliably changed fit the expected pattern of 5% being classified as "deteriorated" and 5% as "improved."
To examine diagnostic accuracy, consensus diagnostic opinion and classification ratings from the change scores were coded as dichotomous variables to reflect the presence or absence of statistically reliable deterioration. The criterion for reliable change in this instance was z = −1.645 (one-tailed) for all RCI and SRB change scores and −1.0 for the S.D. method. The association between diagnostic change and reliable change was evaluated using chi-square tests of significance with alpha set at a 0.01 level. Odds ratios (OR) were also calculated, which provide an indication of the likelihood of dementia when there is evidence of reliable deterioration in test scores versus its likelihood when there is no reliable deterioration with values over 3 indicative of strong positive associations (Sandercock, 1989) . For each neuropsychological measure and each change score method, the sensitivity, specificity, positive predictive value, negative predictive value, and overall correct classification rate were also calculated (Essex-Sorlie, 1995) .
Group mean change from pretest to posttest for each memory measure was examined using paired sample t tests. Bonferroni's correction for multiple comparisons was applied to adjust for the inflation of Type I errors in all group-level comparisons. The criterion for statistical significance, then, was set at an alpha of 0.0125 (i.e., 0.05/4).
Results
CSHA-1 participants selected for inclusion in the study were predominantly Caucasian, ranged in age from 65 to 93, and had approximately 10 years of education on average (see Table 1 ). Estimates of premorbid intelligence, calculated using the Wilson-Barona demographic formula (Barona et al., 1984) , ranged from low average to high average. NCI partic- ipants from CSHA-1 who participated in CSHA-2 were younger (M = 78.3 years, S.D. = 6.3 versus M = 80.8 years, S.D. = 7.0), F (1, 573) = 21.1, P < .001, and more highly educated (M = 10.6 years, S.D. = 3.8 versus M = 9.8 years, S.D. = 3.8), F(1, 570) = 6.6, P < .01, than those who did not participate, though they did not differ with respect to gender, X 2 (1, N = 575) = 0.10, ns. When we examined persons who did and did not complete the neuropsychological assessment, no differences in terms of age, F(1, 206) = 0.00, ns, education, F(1, 205) = 0.76, ns, gender, X 2 (1, N = 208) = 0.69, ns, or any baseline memory measure (P's > .05) were found among persons who were NCI at both CSHA-1 and CSHA-2. Similar results were found in the subgroup of NCI participants who developed dementia at follow-up for those individuals who did and did not complete the neuropsychological battery: age, F(1, 47) = 0.85, ns, education, F(1, 47) = 0.59, ns, gender, X 2 (1, N = 49) = 0.00, ns, or baseline memory test performance (P's > .05).
Descriptive data for the subset of CSHA-1 NCI participants who remained NCI at CSHA-2 and completed the neuropsychological battery at both waves of the study are shown on the left side of Table 1 . Data from this group of 166 were used to calculate most of the statistics used in the change score formulae. These individuals averaged 77 years of age and had a mean 11 years of education. The gender distribution (females = 57%) was consistent with Canadian population demographics for persons over age 64 (Statistics Canada, 2002) . The majority of persons in this sample were urban community-dwelling, functionally capable individuals who reported having at least good physical health. The mean test-retest interval was 58 months (approximately 4.8 years) and ranged from 42 to 70 months. Test-retest correlations (see Table 2 ) over this interval were moderate in strength (all P's < .001) for all four memory measures. Data pertaining to the CSHA-1 NCI group that progressed to dementia at follow-up and completed neuropsychological testing at both waves are presented on the right side of Table 1 . This group of 20 participants ranged in age from 67 to 89 years and had a mean 10 years of education. They demonstrated, on average, a decline of 15 points on the 3MS and 5 points on the MMSE over the 5-year test-retest interval. The mean retest interval for this group was also 58 months, and ranged from 52 to 68 months. At follow-up, the diagnoses for this group included: probable Alzheimer disease (n = 9), possible Alzheimer disease (n = 4), vascular dementia (n = 5), Parkinson's disease (n = 1), and unclassified dementia (n = 1).
Individual-level analyses of normal change
These analyses were conducted using data from persons who were NCI at baseline and follow-up. As shown in Table 3 , there were distinct differences among the various methods in accurately classifying normal change. The RCI with a correction for practice/aging resulted in the highest rate of classification accuracy with all four measures conforming to the expected distribution. This was followed closely, in terms of accuracy, by the two SRB methods. The RCI that only corrected for measurement error was moderately accurate with correct classifications on two of the four memory measures. Notably, the RCI with correction for regression-to-themean was comparable in accuracy to the SRB methods when used with the RAVLT Total Score. The S.D. method resulted in poor classification accuracy rates, and was associated with an increased risk of misclassification as both reliably improved and reliably deteriorated.
Diagnostic accuracy
These analyses focused on test score changes among NCI persons who developed dementia and those who remained NCI over time. Chi-square analyses (see Table 4 ) revealed that all statistical change score methods identified the significant associations (all P's < .001) between change in test score and diagnosis across all four memory measures. Test score change on most memory measures resulted in relatively high sensitivity and specificity rates with classification accuracy ranging from 62% to 94% depending upon the specific memory measure and statistical method. Most ORs were extremely large and Although all six change score methods were significantly associated with diagnostic accuracy, the nature of these relations differed depending on the memory measure. Changes on the BCR Retrieval score and WMS Information subtest were most strongly and consistently associated with diagnostic change. For example, only the BCR Retrieval (using RCI with correction for regression effects) was able to accurately classify individuals with at least 85% sensitivity and 85% specificity. On the whole, the RAVLT and the BVRT-MC were highly specific but lacked sensitivity regardless of the change score method used. The RAVLT total score yielded the highest overall level of classification accuracy (93.8%) due to its high specificity whereas the BCR Retrieval yielded the strongest OR (e.g., ).
Group-level analyses of normal change
The test findings presented in Table 2 show that CSHA-1 NCI participants scored lower, on average, on all four memory measures when they were retested at CSHA-2. The degree of decline reached statistical significance for the WMS Information subtest, t(165) = 4.55, P < .001, BCR Retrieval, t(161) = 5.90, P < .001, and the RAVLT Total score, t(145) = 3.76, P < .001 but not the BVRT-MC, t(155) = 0.52, P > .05. Eta-squared values, as a measure of effect size for these mean comparisons, are also provided in Table 2 .
Discussion
Though performance varied considerably, the data suggest that normal change in older adult's memory test performance can be accurately classified using change score methods. The RCI with correction for practice/aging, both SRB methods, and to a lesser extent the RCI, were reasonably accurate in defining normal change (i.e., change among persons who remained NCI at baseline and follow-up) but the S.D. method was not and was particularly prone to overclassify deterioration in test performance over the 5-year interval. This latter finding is consistent with previous research using measures with moderate test-retest reliability (Kneebone, Andrew, Baker, & Knight, 1998) .
Our findings that the RCI with correction for practice/aging performed at least as well as the SRB methods in classifying normal change is also consistent with previous research as is our finding that the RCI accounting for only measurement error performed slightly less well than the SRB methods (Heaton et al., 2001; Temkin et al., 1999) . In our study, the superiority of the RCI with the correction for practice/aging highlights the importance of correcting for age effects with older adults, at least on some measures.
An unexpected finding in this study was the high accuracy rate associated with the RCI correcting for regression-to-the-mean for some measures. Speer and Greenbaum (1995) , in the only study that compares this method to other change score methods, found that it produced discordant classifications relative to other methods, but it was moderately to highly accurate in our study. Its effectiveness in our study suggests that regression effects may be important when interpreting older adult serial assessment data, particularly in the absence of positive practice effects.
Change scores based on multiple regression equations that accounted for age, gender, education, test interval and premorbid IQ did not substantially improve classification accuracy over and above the use of baseline test performance in this study (SRB Simple ). Initial test performance, as shown by Temkin et al. (1999) , by far accounted for the greatest proportion of variance in follow-up test performance. It is possible that the SRB Multiple may have performed better with different predictors though the factors selected were those that traditionally account for the most variance in neuropsychological test performance.
When the examination focused on both the cognitively normal adults and those who developed dementia, diagnostic change was significantly associated with test score change using all of the statistical methods. The SRB methods had a strong relation with diagnostic change, but were not more accurate than less sophisticated RCI methods that corrected for regression effects or the effects of practice/aging. The strength of the association depended on the memory measure used. These findings are not consistent with those of Ivnik et al. (2000) who used a similar standard and concluded that reliable change in test scores (using the RCI with correction for practice) did not contribute to dementia diagnosis in older adults beyond chance levels.
These discrepant findings may reflect differences in the samples that were examined, the design of the study, and the measures that were used. First, we followed people with NCI at baseline to determine whether they progressed to dementia at follow-up. In contrast, Ivnik et al. (2000) distinguished between normal and cognitively impaired groups at follow-up and determined that there were no differences in their change scores over time. Since it is not clear that the individuals in the two groups were cognitively healthy at baseline, it is impossible to determine the full extent of change associated with progression to dementia from their study. A related point is that Ivnik et al.'s (2000) cognitively impaired group was heterogeneous and included persons who did not meet criteria for dementia making their results more difficult to interpret. Second, in our study, some memory measures (e.g., BCR Retrieval) showed much greater relation to clinically significant change than other (e.g., RAVLT). Ivnik et al. (2000) examined 5 cognitive factors that were aggregate measures derived from the Wechsler Adult Intelligence Scale-Revised (WAIS-R; Wechsler, 1981) , WMS-R, and RAVLT. It is possible that these aggregate measures may have obscured decline on any one particular test thereby lowering the sensitivity of the change score approach. Finally, length of the test-retest interval differed between the studies. The CSHA involved a 5-year interval and may have been more likely to capture change than the Mayo study with a test-retest interval of approximately 3 years.
As part of our investigation, we examined group mean changes in memory test performance over 5 years. Our findings, that older adults' performance significantly declined on three of the four memory measures, were consistent with other cross-sectional and longitudinal studies of older adults (e.g., Albert, 1994) . Practice effects, as defined by significant grouplevel improvements in test performance, were absent and the pattern of mean decline that was observed on some measures was likely due to mild age-related deterioration in memory retrieval.
Although our study extends the findings of previous research, it must be noted that criterion contamination may have posed a threat to the internal validity of the study, particularly for the findings concerning to diagnostic change. Though the potential for criterion contamination exists, it should be noted that the final diagnosis in the CSHA was based on more than just neuropsychological test data or a neuropsychologist's opinion-it also involved physicians' judgments based on history and examination, information provided by informants, and a weighing of all relevant data. Neuropsychologists did not have access to age-corrected changes in test performance prior to offering their diagnostic opinion making this threat less likely in a study of test score changes. To the extent that criterion contamination may limit the validity of the findings, the effect of using RCIs on specific measures that are not used in the diagnostic process may be the focus of future research. We suspect, however, that intercorrelations among separate independent and diagnostic measures would result in findings similar to those obtained here.
Additional research examining and validating change score methods, particularly the RCI with correction for regression effects, in other clinical samples of older adults is needed. Examining the utility of these methods with shorter test-retest intervals, perhaps on the order of 1 or 2 years, may lend themselves to real world applications as these are common retest intervals in clinical practice. On the other hand, given the amount of variability in normal aging, it may be that change score methods are most useful only after a sufficient amount of time has elapsed between evaluations.
Since the pattern of cognitive change occurring early in the course of a disorder may be particularly useful for distinguishing one form of dementia from another (e.g., Alzheimer disease, dementia with Lewy Bodies, and frontotemporal dementias), future research may include a broader representation of cognitive domains (e.g., executive functioning, fine motor speed, working memory) to increase the sensitivity of RCIs. In addition, examining test score change in relation to change observed on CT or MRI scans may yield particularly useful prognostic information about individuals.
